This paper studies the shear strength of adhesively bonded single lap joints subjected to impact loads by means of split Hopkinson tensile bar. The experiments were conducted at two velocities (V=20m/s, 6.67m/s), three testing temperatures (T=-40℃, 20℃, 80℃) and two adherent thicknesses (L=0.75mm, 2.25mm). The results indicated that the shear strength of the specimen decreased with the increase of temperature and increased with the increase of velocity and adherent thickness. By means of FEM modeling and examination of the failure morphology of the specimen, it was found that given the other constant parameters, the elevation of temperature or the reduction of velocity and adherent thickness would cause the increase of peel stress in the adhesive, which was mainly responsible for the expansion of cracks toward the interface between the adhesive and the steel plate, resulting in the degradation of the mechanical property of the specimen.
Introduction
Adhesively bonded single lap joints have a wide range of applications in modern life and their mechanical properties, especially those with the influence of velocity, temperature and adherent thickness under impact loading have gained increasing interest in the industry. Indeed, considerable academic efforts have been devoted in this aspect [1] [2] [3] [4] [5] [6] . L. Goglio et al. reported the results of an experimental study on bonded joints by means of an instrumented impact pendulum equipped to load overlap specimen in shear [7] ; Higuchi I et al. computed the stress field of the single lap joints under impact loading by finite element method (FEM) [8] ; Zachary LW et al. investigated the propagation of dynamic wave in single lap joints [9] ; C. Sato et al. axially loaded the single lap joints by means of a drop weight facility and compared the stress wave propagation as well as the dynamic stress concentration in single lap joints, tapered lap joints and scarf joints under impact loading [10, 11] ; Mangapatnam Adamvalli studied the shear strength of single lap joints subjected to dynamic loading at different loading rates and temperatures ranging from 25℃～100℃ using a split Hopkinson pressure bar in compression and concluded that the strength of the joint increases significantly with loading rate and the dynamic strength at temperatures ranging from 75℃ to 100℃ is less than that at 25℃ [12] .
Our work focuses on an experimental study of adhesively bonded single lap joints by means of SHTB to determine the influence of temperature, velocity and adherent thickness on the dynamic shear strength of the joint so that some reference for its future design and applications can be provided.
Experimental Procedure

Material Preparation
The adhesively bonded single lap joint specimen used in the experiment, shown in Fig. 1 , had a length of 47mm and a width of 12mm, comprising two adhesively bonded high-strength steel plates each with an adherent thickness of L. Before applying the adhesive, the surfaces to be bonded were degreased with acetone for better adhesion between the steel plate and adhesive. The dimensions of the specimens, including the thickness of the adhesive layer have been meticulously measured before testing. 
SHTB Set-up
The dynamic tests of the adhesively bonded single lap joints were carried out using the SHTB set-up as indicated in Fig. 2 . It mainly consists of a striker bar, an incident bar, a transmitted bar, a gas chamber, a data collecting system and a heating and cooling system. By measuring the corresponding incident, transmitted and reflected stress pulse on strain gages of the incident and transmitted bar, the average shear stress (i.e. load divided by lap area) can be written as follows according to the one-dimensional stress wave theory [13] :
The average shear stress of the adhesive layer can be written as
A is the lap area of the specimen, E the elastic modulus of the transmitted bar with a value of 70000MPa, b
A the transverse area of the elastic bar, and t ε the strain on the transmitted bar respectively. To fully determine the influence of temperature and velocity on the strength of the specimen, the experiments were carried out at the loading velocity of 6.67m/s and 20m/s, temperature of -40℃, 20℃and 80℃ and adherent thickness of 0.75mm and 2.25mm, respectively.
Experiment Results
The correlations between the shear strength of single-lap joint with temperature, velocity and adherent thickness are displayed in Fig 3. It can be seen that the shear strength of the specimen decreases with the increase of temperature and the decrease of velocity and adherent thickness. It decreases more remarkably from low to room temperature than from room to elevated temperature under high-velocity loading, and it is the opposite way under low-speed loading. Also, it is quite noticeable that the strength of the specimen with adherent thickness of 2.25mm at low velocity was 74.7MPa, 71MPa and 63.8MPa, very close to that with adherent thickness of 0.75mm at high velocity, namely 78MPa, 67.8MPa and 63.8MPa. This shows basically the equal bearing of adherent thickness and velocity on the strength of the specimen. 
Discussion
Temperature Effect
Fig 4 is the fracture morphology of the specimen at -40℃, 20℃and 80℃, characterized by both cohesive and interfacial failure. However, the adhesive distribution on the fracture surface was even and predominantly adhesive-adhesive cohesive failure at -40℃, while the adhesive distribution became less even with the proportion of cohesive failure reduced and that of interfacial failure between the adhesive and adherent increased. The interfacial failure featured most remarkably at 80℃. This testifies the change of fracture form from being cohesive to interfacial with the increase of experimental temperature, which also leads to the decrease of the strength of the specimen. This result has been similarly evidenced in the research by Mangapatnam Adamvalli in [12] , where the adhesive distribution was relatively even on the fracture surface at 25℃ and interfacial fracture was more prominent at 100℃. The dynamic strength also decreased remarkably from 25℃ to 100℃. Fig. 5 is the fracture morphology of the specimen at the velocity of 20m/s and 6.67m/s, where different failure modes could be observed under both conditions. However, the fracture surface presented a draping-shaped mode under high velocity and a relatively smoother or even mode under low velocity. It is believed that the multi-layered draping-shaped fracture mode not only highlights the cohesive failure mode of the adhesive, but also indicates more energy needed for the failure of the specimen, which takes the form of higher shear strength of the specimen. 
Velocity Effect
Adherent Thickness Effect
The stress within the adhesive is not shear stress only but a combination of shear stress and peel stress, to further determine the influence of peel stress, the finite element analysis was employed to analyze the distribution of shear stress τ and peel stress σ in the adhesive.
The specimen material and that of the other parts were defined as linear elastic as had been practiced by Uday K. Vaidya [16] etc. The FE modeling of the overlap area is shown in Fig.6 , from which it can be indicated that AB and CD are the upper and lower surfaces of the adhesive layer contacting the steel plates of the specimen. Considering that our main concern was the stress distribution on the adhesive layer, the FEM model for the adhesive layer constructed was meshed into hexahedron-shaped elements. The refined element size of the adhesive layer was 0.25, with the rest parts modeled with gradually increasing element sizes to minimize computational time. The shear and peel stress distribution on the upper surface AB and lower surface CD of the adhesive layer were depicted in Fig.7 (T=20℃, V=6.67m/s and L=0.25mm). It is noticeable that the peak shear stress occurred at line A and D while line B and C saw the minimum shear stress. At the same time, the peel stress had its maximum tensile stress value at both edges of the joint and was then reduced to the maximum compressive stress in the mid area, which was the so-called phenomenon of alternating tensile and compressive stresses. Compared with the shear stress on the surface of the adhesive layer, the peel stress was regarded as marginal, which was especially the case at line A and D where the peel stress was merely one seventh of the shear stress. 
Conclusion
A study on the shear strength of adhesively bonded single lap joints subjected to impact loads by means of a split Hopkinson tensile bar has been carried out to determine the influences of temperature, velocity and adherent thickness on the dynamic tensile shear strength of the specimen. The experiments have been conducted at two velocities (V=20m/s, 6.67m/s), three testing temperatures (-40℃, 20℃, 80℃) and two adherent thicknesses (L=0.75mm, 2.25mm). The results have indicated that the shear strength of the specimen decreased with the increase of temperature and increased with the increase of velocity and adherent thickness. By means of FEM modeling and examination of the failure morphology of the specimen, it was found that given the other constant parameters, the elevation of temperature or the reduction of velocity and adherent thickness would cause the increase of peel stress in the adhesive, which was mainly responsible for the expansion of cracks toward the interface between the adhesive and the steel plate, resulting in the degradation of the mechanical property of the specimen.
